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© Machining apparatus. 

© A machining apparatus, with 

tail stocks for supporting opposite ends of a 
shaft-like work-piece to be machined; 

at least two machining units for machining an 
outer circumference of said work-piece and disposed 
at different positions between said tail stocks; and 


/ *\ least two pairs of parallel _.guide_-.surfaces 
C mounted on a bed for guiding said tail stocks and 
/ said machining units to be movable along said bed, 
) wherein adjacent ones of said tail stocks and of said 

machinin g units are mounted on different pairs of 

said guide surfaces... 
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BACKGROUND OF THE INVENTION 
Field of the invention 

The present invention relates to a a machining 
apparatus. 

More particularly, the invention relates to a 
shaft-like work-piece machining apparatus in which 
tail stocks for supporting opposite ends of a shaft- 
like work-piece and machining units for machining 
the externa! diameter of the shaft-like work-piece 
are disposed so as to be slidably movable on 
independent slide surfaces. 

Background of the Invention 

Various types of machine tools for cutting 
shaft-like work-pieces, such as crank-pins of crank- 
shafts, are known as described in Japanese Patent 
Publication No. 45726/1981, Japanese Patent Un- 
examined Publication No. 800921978, and the like. 

Among these, machine tools such as pin turn- 
ing, lathes are used to cut a shaft-like work-piece 
to have given diameters in such a manner that the 
shaft-like work-piece is fixedly held at its opposite 
ends by tail stocks and a tool head is turned 
around the shaft-like_ work-piece while a tool rest is 
fed. ' 

These tail stocks su pport opposite ends of a 
shaft-like work;piece^tolbe-4ndexed-o5 rotated, and 
machining units cut the outer circumference of the 
shaft-like work-piece supported by the tail stocks. 
These tail stocks and machining units are arranged 
to be movable along guide surfaces provided on a 

Another type of machine tool is the rotating 
shaft type in which a shaft-like work-piece grasped 
at its opposite en ds respeqtiy^ Iy^y^^ccentric 
chucks of a pair of main spindle heads is rotated 
while a tool rest provided at a stationary side is fed 
to thereby cut the outer circumference of the work- 
piece. In contrast, the machine tools of the station- 
ary shaft type as described above in which a tool is 
turned with a work-piece held stationary are ad- 
vantageous in that the chucking mechanism is not 
complicated and is not so large in size. Also, the 
machine body does not need to have such a strong 
structure as to withstand vibrations owing to high- 
speed unbalanced turning. Furthermore, the sta- 
tionary shaft machine tools can be designed with- 
out taking into consideration the relative phase 
displacement between the opposite main spindles 
caused by backlash in the drive gear trains of the^j 
main spindles or a difference in torsional stiffness 
between the main spindles. However, the machine . 
tools of this type are disadvantageous in that both 
the gear driving mec hanism for turning the tool/ 
head around the shaft-like—work-piece to be 
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machined and the in-feed mechanism for feedings 
the tool rest become complicated in structure and 
large in size. Accordingly, the work-piece cannot 
be cut at a high speed because of the difficulty in/ 
turning the tool head at a high speed. / 
In the stationary shaft-like work-piece machin- 
ing apparatus of this type, the guide surfaces are 
commonly used for rotatably supporting the tail 
stocks as well as for rotatably supporting the ma- 
chining units. Accordingly,.xo yers for securely pro- y 
tecting-the-guide-surfaces~agatn'^ 
cannot be provided at places where a plurality off 
machining units approach each other or where a\ 
machining unit and a n adjacent tail stock appro ach ^ 
each other. Accordingly, the guide surfaces are apt 
to be worn out. Furthermore, abrasion of the guide 
surfaces is locally unevenly distributed in the area\ 
where the plurality of machining-unitsjsNding on the 
guide surfaces overlap each other^c^oMnglVj. 
machining accuracy cannot be maintained con- 
stant. 

Furthermore, the tail stocks and the machining 
units should be supported over guide surfaces ;re- 
spectivejy jspanning the whole widtixja Ubajoriachjoe 
base. Accordinoly JL jf ^addle s -Or the like for su p- 
porting those taiLstocks-and.machining^ujiitsjTave 
stiffness to endure load in machining, the appara- 
tus becomes large in size and complicated in 
structure as a logical consequence. Accordingly, 
there exists a problem in that the bed should be 
made large in size and heavy in weight to support 
the heavy structure. 

SUMMARY OF THE INVENTION 

The present invention has been achieved to 
eliminate the above-mentioned problems in the pri- 
or art. 

Accordingly, a further object of the present 
invention is to provide a shaft-like work-piece ma- V 
chining apparatus in which it is possible to reduce j 
abrasion of the guide surfaces and it is also possi- J 
ble to reduce the bed including the guide surfaces 
in weight as well as in size. 

The shaft-like work-piece machining apparatus 
of the invention has tail stocks for supporting op- 
posite ends of a shaft-like work-piece to be 
machined and one or more rotating machining units 
for machining the outer circumference of the sta- 
tionary shaft-like work-piece. 

Pairs of parallel guide surfaces are provided to v 
guide the tail stocks and the machining units so as \ 
to be movable on a bed^The-parallerguide--sur- \ 
faces are arranged such that an adjacent one of the j 
tail stocks and one of the machining units are / 
disposed between different two of the guide sur- J 
faces. 

According to the present invention, adjacent 
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ones of the tail stocks and of the machining units 
are disposed between different two guide surfaces 
so that the tail stocks and the machining units are 
independently guided. Accordingly, abrasion of the 
respective guide surfaces can be reduced and 
loads on the respective guide surfaces can be 
reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a plan view of a crank-shaft cutting 
machine tool having a tool slide rest. 
Fig. 2 is a front view of the same. 
Fig. 3 is a sectional view taken along the line III 

- Ill of Fig. 1. 

Rg. 4 is a plan view of a shaft-like work-piece 
machining apparatus according to the invention. 
Rg. 5 is a front view of the same. 
Rg. 6 Is a sectional view taken along the line 
Xlil - XIII of Fig. 4. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A first embodiment of the invention will be 
described in detail with reference to the drawings. 

Rgs. 1 , 2 and 3 are respectively a plan view, a 
front view and a sectional view taken along the line 
III - III of Fig. 1, of a machining apparatus accord- 
ing to the invention. 

In Figs. 1 to 3, a bed 1 is provided with four 
guide surfaces 2a, 2b, 2c and 2d longitudinally 
formed on the bed 1 and transversely arranged 
with separation therebetween. A first tail stock 3 is 
located at one of the longitudinaJly_opp,asite-ends 
of^thejjgd 1 and is arranged to be Mongitudinally^ 
Jovable^ver both the firstjgujde surface 2a a nd 
fTffiird guide-suifecjL2cJocated-on^ 
of the second guide surface 2b which-is-adjacerrtto 
Xhe fh^Tguide surface 2a. A ^ec^TdJ aiLstock^" is 
located ^atJhe o.tberJoj ^u^naL end ^oi-the-beclj 
and whjdy^^ra^^ 
^eflhe other gTJide^sjurfSce^ I.e. over both the 
seconcT~guicJe~sijrface 2b and the fourth guide 
surface 2d located on the rear side of the third 
guide surface 2 c, The tail s tock s 3 and 4 respe c- 
tivel y have chucks 6 and 7 wh ich are arranged on 
the same axis to grasp a shaft-like work piece, for 
example, ^^rank-shaft 5 at its opposite journal 
portions 5a respectively. Hydraulic cylinders in- 
dividua l operate the respe cti ve chuck 6 and 7 . 
/ ^nd-ind^<ina^me chanisms indj yjduj^ly^jnd^ the 
( machining position of respective crank-pins 5b of 
I the crank-shaft 5. The hydraulic cylinders and in- 
dexing mechanisms are mounted within the re- 
\ spective tail stock 3 and 4 (the cylinders and the 
\ mechanisms are known and therefore not shown in 
\the drawings). A saddle 8 Is located near the first 
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tail stock 3 between the tail stocks 3 and 4 and is 
arranged to be movable in the longitudinal direction 
of the bed 1 over both the second and fourth guide 
surfac es 2b andJti ,,An-NG-serva-motor 9 is moun- 

5 ted orTthVbed fin correspondence to the sadd 
£L A-bliN screw 10 arranged to be rotated by the 
^servo-motor 9 is thread-engaged with a ball nut 1 1 
/ disposed at the saddle 8, so that the saddle 8 is 

( driven by the servo-motor 9 to move in the axial 

j^^djrection of the crank-shaft 5. A machining unit 12 
i^^^^a^bluih^Saddle 8 so"asto^be_movalbe"in 
theTdimction perpendicuiar^o^h^-lJfrection ot 
movement of the^saddle 6. T he machining unit jT , 
is moved perpendicularly 1:6 the saddle 8 by a 

75 hydraulic cylinder 13 or the like provided on the 
saddle 8. 

In the following, the operation of the thus ar- 
ranged embodiment is described in detail. 

In the case where the crank-pins 5b of the 
20 crank-shaft 5 are cut by turning the cutting tool with 
e work-piece held stationary, fi^tjh gjai I stock 3 
is^moved respectively over froffi^the first and third 
guide surfaces 2a and 2c and the tail stock 4 is 
moved over both the second and fourth guide 
surfaces 2b and 2d by a distance corresponding to 
the iengtiTof-the-crank-shaft-S-and^are fixed re- 
spectively at positions suitable for the length of the 
crank-shaft 5. Thereafter the opposite journals 5a of 
1he^ank:shaft^^re^ grasped by jhe^b.ucks 8 and 
\ of the tail stocks 3 and 4, respectively. At this 
e, the respective indexing mechanisms operate 
tjie chuck 6 and 7 to position the crank-shaft 5 with 
spect to its rotational direction, so that the crank- 
ins 5b of #1P and #3P are located in parallel to 
[the core of the respective journal 5a. 

By driving the servo-motor 9 to rotate the ball 
screw 10, ^tb ^ saddle 8 is moved in the direction of, 
the ar row A of Fig. 1 so that the cutt ing Jool-38-is* 
^ftosffioned so as to be" opposite to one of j he 
f crank-pins 5b f for example, crank-pin 5b of #4P. 
( After compJeJioruoL positioning of the cutting tool 
j 38 with respect to the #4P crank-pin 5b, the hy- 
/ draulic cylinder 13 is opjjrateJJgjBpj^ 
I i nq unit 12 < 1o"sucn^Pi ^^ 
4$ \ hndnw main spindla- 15 accords with the cen teL_of 
] the crank-pins 5b of #1 P and #4P to thereby shift 
/ the operation of the machine tool into a crank-pin 
C^cutSng'mode. 

In the case where the third pin (#1P) of the 
crank-shaft 5 is cut, the servo-motor 9 is operated 
to move the saddle 8 form #4P to #1P, and the 
cutting tool 38 is positioned so as to be enabl 
cut #1P. Thereafter, the servo-motor 25 is operated 
in the same manner as described above to thereby 
pefform desired cutting machining, 
i In the case where the #2P and #3P are cut, the 
indexing mechanisms for the respective chucks 6 
and»7 are operated to perform 180* turn indexing 
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of the crank-shaft 5 so that the crank-pins 5b of 
#2P and #3P are located at the rotational center of 
the hollow main spindle 15. Thereafter, the servo- 
motors 9 and 25 are operated in the same manner 
as described above to thereby cut the #2P and 
#3P. 

Although the embodiment described above 
shows the cas e where one machining unit 12 J s 
p rovided at the side_of the first tail stock _3 t . the 
present invention is applicable to the case where 
another ^machinjng ^unU constructed I in the same 
m anner a s the macbinioq^uol t J2. is further dis - 
posed at the side of the second tail stock 4 s_o,_as 

machinino^XHUJ, so that the two machining units 


are ^ndepejio^njly simultaneously operated to 
cut the crank-shaft 5. 


ins~ a" matter of course that the machining 
apparatus according to the invention is not limited 
to the cutting machining for crank-pins of a crank- 
shaft as described above but the invention is ap- 
plicable to the cutting machining for other shaft-like 
work-pieces, such as a cylindrical cam. and the 
like. 

A second embodiment of the invention will be 
described in detail with reference to Figs. 4 to 6. 
This second embodiment shows many similarities 
to the first embodiment. 

Just as in the first embodiment the machining 
unit 12 which turns around the crank-pins 5b of the 
crank-shaft 5 to cut, for example, the third and the 
fourth pins 5b (#3P and 4P) is disposed on the first 
saddle 8 so as to be movable in the direction 
perpendicular to the direction of movement of the 
saddle 8. The machining unit 12 is moved by the 
hydraulic cylinder 13 or the like provided on the 
saddle 8. 

Additionally, a second saddle 14 is located 
between the tail stocks 3 and 4 near the second tatl 
stock 3 and is disposed over both the first and third 
guide surfaces 2a and 2c of the bed 1 so as to be 
longitudinally movable relative to the bed 1. Simi- 
larly to the first saddle 8, the second saddle 14 is 
provided with a /servo-motor 15, a ball screw 16 
rotated by the servo-motor 15, and a ball nut 17 


fit ted to the b aJLscrew-16-and-fi xed to the saddle- 
tff^A second machining unit 18 is disposed on the 
second saddle 14 so as to be movable in the 
direction perpendicular to th e direction of moye ^ 

|orjt nf *hp gaHrllq 14 -JEhfl-Rgrnnrl margining nnit 

18, which turns around the crank-shaft 5, to cut. for 
example, the first and the second pins 5b (#1 P and 
#2P), has a ljy^raujic_cylinder 19 for performing 
moving operation sirniiarly^to-the first machining 
hit 12. The first and second machining units 12 
and 18 have insertion holes 12a and 18a for insert- 
ing chucks 6 and 7 of the first and second tail 
stocks V 3 and 4 therein7j;espective1y. Tool heads 


(not shown) rot ated a r ound the crank-shaft 5 and 
simultaneously fed inwards in the diametrical direc- > 
tion of the crank-shaft 5 are mounted on the inner 
side of the insertiorLh ole s 12a and 18a,_res pec- 
5 tively. In Figs." 4 and 5, a n anti-vibration unit \2 is 
mounted on the work side of the first saddle 8 to 
prevent the vibration of the crank-shaft 5. The anti- 
vibration unit 20 has pressing metaJ bearings 20a 
and 20b for holding the journal 5a of the crank- 
to shaft 5 therebetween. 

In the following, the operation of the thus ar- 
ranged embodiment is described in detail. 

When all of the crank-pins 5b are to be cut by 
the first machining unit 12, the servo-motor 9 is 
15 firstjj perated to rotate the pan screw 1u to there by 
^move^the^addle>8Jn-the-.directiQDj Qf_the arrow A of 
Fig. 11 on the second and fourth guide surfaces 2 a 
ari^2d^^tri anhe cutting tool T Js^BojjjpjQejJn 
opposition to one of the crank-pins 5b, for example. 
#4P. After the positioning of the cutting tool T 
relative"^ the #4P crank-pin 5b, the hydraulic cyl- 
inder 13 is operated to move the first machining 
uniO'2~foir^^tib7rw^ 
ferehce~of "{r!e w #4P"crahk-pih 5b so that the mode 
of the machine tool is shifted into a crank-pin 
cutting mode. At this time, the pressing metal bear- 
ing 20a and 20b are urged against a journal be- 
tween the #3P and #4P crank-pins 5b. 

The servo-motor 12b for cutting operation is 
30 started in response to the setting of the machine 
tool to the cutting mode so that the cutting tool T in 
the tool head (not shown) of fhT*m^hlriirfg;unrri2 
rotates around the #4P crank-pin 5b while being 
fed inwards. Thus^the-#4P~crank;pioJ to is mach in- 
35 ed. After completion of cutting of the #4P crank-pin 
5b, the tool head is stopped at a fixed position to 
re lease the ant i-vibration pressing metals 20a and 
20b. Thereafter, t he first saddle 8 is mo ved again 
by the servo-motor~ 9 to" make positioning of the 
40 tool head so as to come in opposition to the #1 P 
crank-pin 5b. The tool head thus positioned is 
operated again to cut the #1P crank-pin 5b. 

In the case where the #2P and #3P crank-pins 
5b and 5b are cut next, the crank-shaft 5 is rotated 
45 by 180 degrees by the index mechanism of the 
chucks 6 and 7 to make the center lines of the #2P 
and #3P crank-pins 5b and 5b agree with the 
turning center of the tool T of the machining unit 
12. The servo-motor 12b of the machining unit 12 
so is operated to cut the #2 crank-pin 5b in the same 
manner as described above and thereafter cut the 
#3P crank-pin 5b. Thus, the cutting of all the crank- 
- ins 5b of the crank-shaft 5 is completed. 

All the crank-pins 5b can be cut by use of the 
55 second machining unit 18. In this case, the saddle 
14 is operated together with the machining unit 18 
in the same manner as described above with re- 
spect to the first saddle 8 together with the machln- 
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Ing unit 12, and therefore description thereof will be 
omitted. 

When the crank-pins 5b of the crank-shaft 5 
are to be cut by both the first and second machin- 
ing units 12 and 18, for example, the #4P and #3P 
crank-pins 5b are cut by the use of the first ma- 
chining unit 12 and the #1P and #2P crank-pins 5b 
are cut by the use of the second machining unit 18 
through the indexing mechanisms of the chucks 6 
and 7 in the same manner as described above. In 
this case, the #1P and #4P crank-pins 5b are 
simultaneously cut by the use of both the machin- 
ing units 12 and 18, whereafter the #2P and #3P 
crank-pins 5b and 5b are simultaneously cut by the 
use of both the machining units 12 and 18. 

The embodiment as directly described above 
has an advantage that the cycle time required for 
cutting all the crank-pins can be shortened be- 
cause the two machining units 12 and 18 are used 
for machining the crank-pins. Furthermore, because 
the^palr of tail stocks 3 and 4, the pair of machining 
units 12Tahd 18, and the pair of saddles a ana 14 
are disposed on the four parallel guide surfaces 2a 
to 2d so a to be formed like a swastika pattern, and 
because one of the tail stocks 3 and 4 and adja- 
cent one of the saddles 8 and 14 are disposed to 
slide on independent guide surf aces, telescop i< 
CTJverTT6715?ote^ir^ 

the bed 1 from the influence of metal chips canbe 

r ■■■ ■ in ii ,i mi mi ■ iii ini ■« it mil * 1 ""--^-~Hirim-,r~^- 

e %§ily_j^![pjddej^ 

and 4 and the respective saddled andJ4donot 
interfere with each other evenifthey approach 
each other. Accordingly, abrasion of the guide sur- 
faceTand partial pressing of the guide surface can 
be remarkably reduced compared with those in the 
prior art type guide surfaces which are commonly 
used for both the tail stock and the saddle. Further- 
more, because the respective tail stocks 3 and 4 
and the respective saddles 8 and 14 have not a 
span longer than they need, saddles or the like for 
supporting them can be reduced in size. Further- 
more, because the saddles together with the tail 
stocks and the machining units are respectively 
independently loaded on the guide surfaces, the 
load on the guide surfaces can be reduced com- 
pared with the prior art. Accordingly, not only the 
guide surfaces can be reduced in size but the bed 
can be reduced in size as well as in weight. 

The machining unit according to the present 
invention is not limited to the above-described em- 
bodiment applied to the cutting of the crank-shaft. 
For example, it is matter of course that the inven- 
tion is applicable to the cutting of other shaft-like 
work-pieces, such as a cylindrical cam, and the 
like. In addition, the number of the guide surfaces 
is not limited to the embodiment having four guide 
surfaces, and also the number of the machining 
units Is not limited to the embodiment. 


10 


As described above, according to the present 
invention in which pairs of parallel guide surfaces 
are formed in parallel to the bed so as to dispose 
one of the tail stocks between two guide surfaces 
and dispose adjacent one of the machining units 
between different two guide surfaces, abrasion of 
the respective gulde~5urface can be" remarkably 
reduced. Accordi ngly, high machining accuracy 
can be maintained^ 

\slzTlAccordingly, the load on the gu.ide^surfaces 
i "can be reduced, and "the" guide surfaces can b 
V^^duced in size as well as in weight easily. 

75 Claims 


1. A machining apparatus, comprising: 

tail stocks for supporting opposite ends of 
a shaft-like work-piece to be machined; 

at least two machining units for machining 
an outer circumference of said work-piece and 
disposed at different positions between said 
tail stocks; and 

at least two pairs of parallel guide surfaces 
mounted on a bed for guiding said tail stocks 
and said machining units to be movable along 
said bed, wherein adjacent ones of said tail 
stocks and of said machining units are moun- 
ted on different pairs of said guide surfaces. 


20 


25 


30 


35 


40 


45 


50 


55 


5 


1/31/06, EAST Version: 2.0.1.4 



DERWENT-ACC-NO: 1991-247229 

DERWENT-WEEK: 199134 

COPYRIGHT 2006 DERWENT INFORMATION LTD 

TITLE: Shaft-like workpiece device - has at least two machining 

units, tail stocks and at least two pairs of parallel 
guide surfaces 

INVENTOR: NAKANO, K 

PATENT-ASSIGNEE: NUGATA ENG CO LTD[NIIG] 

PRIORITY-DATA: 1 99 1EP-0 106934 (February 23, 1987) , 1 986JP-0042724 (February 
27, 1986), 1986JP-0027744 (February 27, 1986) , 1986JP-0157712 (July 4, 1986) 

PATENT-FAMILY: 

PUB-NO PUB-DATE LANGUAGE PAGES MAIN-IPC 

EP 442542 A August 2 1 , 1 99 1 E 000 N/A 

DE 3750883 G January 26, 1995 N/A 000 B23B 017/00 

EP 442542 Bl December 14, 1994 E 008 B23B 017/00 


DESIGNATED-STATES: AT CH DE FR GB IT LI AT CH DE FR GB IT LI 

CITED-DOCUMENTS: A3... 199136; DE 1652674 ; DE 2500895 ; GB 13437 ; GB 2154914 
; GB 761547 ; NoSRPub ; GB 1559550 


APPLICATION-DATA: 

PUB-NO APPL-DESCRIPTOR APPL-NO APPL-DATE 


EP 442542A 

N/A 

1 99 1EP-0 106934 

February 23, 1987 

DE 3750883G 

N/A 

1987DE-3750883 

February 23, 1987 

DE 3750883G 

N/A 

1 99 1EP-0 106934 

February 23, 1987 

DE 3750883G 

Based on 

EP 442542 

N/A 

EP 442542B1 

N/A 

1987EP-0 102542 

February 23, 1987 

EP 442542B1 

N/A 

1 99 1EP-0 106934 

February 23, 1987 


INT-CL(IPC): B23B017/00, B23C003/06 , B23Q001/02 , B23Q011/04 


RELATED-ACC-NO: 1987-251307 
ABSTRACTED-PUB-NO: EP 442542A 
BASIC-ABSTRACT: 

The device has tail stocks for supporting opposite ends of a shaft-like 


1/31/06, EAST Version: 2.0.1.4 


work-piece to be machined. There are at least two machine-ing units for 
machining an outer circumference of the work-piece which are disposed at 
different positions between the tail stocks. 

There are also at least two pairs of parallel guide surfaces mounted on a bed 
for guiding the tail stocks and for machining units to be movable along the 
bed. The adjacent ones of the tail stocks and of the machining units are 
mounted on different pairs of the guide surface. 

USE/ADVANTAGE - It reduces abrasion of the guide surfaces. It reduces the 
weight and size of the bed and the guide surfaces. @(7pp DWg.No. 4/6)@ 

ABSTRACTED-PUB-NO: EP 442542B 

EQUIVALENT-ABSTRACTS: 

A machining apparatus, comprising a first and a second tail stock (3, 4) for 
supporting opposite ends of a shaft-like work-piece (5) to be machined; at 
least two machining units (12, 18) for machining an outer circumference of said 
work-piece and disposed at different positions between said tail stocks; 
characterised in that two pairs of parallel guide surfaces are provided mounted 
on a bed (1) for guiding said tail stocks and said machining units to be 
movable along said bed, wherein adjacent ones of said tail stocks and of said 
machining units are mounted on different pairs of said guide surfaces; the two 
pairs of guide surfaces include in sequence a first guide surface (2a), a 
second guide surface (2b), a third guide surface (2c) and a fourth guide 
surface (2d); the first tail stock (3) is located at one of the longitudinal 
opposite ends of the bed (1) and is arranged to be longitudinally movable over 
and guided by both the first guide surface (2a) and the third guide surface 
(2c); and the second tail stock (4) is located at the other longitudinal end of 
the bed (1) and is arranged to be longitudinally movable over and guided by the 
other guide surfaces, i.e., both the second guide surface (2b) and the fourth 
guide surface (2d). 
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